earching PAJ 



PATENT ABSTRACTS OF JAPAN 



1/2 



(11 )Publication number : 

(43)Date of publication of application 



2000-106462 
11.04.2000 



51)IntCI. 



HOIL 43/08 
G01R 33/09 
G11B 5/39 
611C 11/14 
G11C 11/15 
HOIF 10/26 



M )Appiicatlon number : 11-187070 
>2)Date of filing : 30.06.1 999 



(71) Applicant 

(72) Inventor : 



TOSHIBA CORP 

KISHI TATSUYA 
SAITO YOSHIAKI 
INOMATA KOICHIRO^ 



JOPriority 
riority number 



10185480 Priority date : 30.06.1998 Priority country : JP 



>4) MAGNETIC ELEMENT. MAGNETIC MEMORY PROVIDED THEREWITH. AND MAGNETIC 
ENSOR 

)7)Abstract: 

ROBLEM TO BE SOLVED: To realize a ferromagnetic tunnel 
inction that is high in magnetoresistivity and relatively high in 
utput voltage owing to its large resis tance, and whose 
lagnetoresistivity is lessened In bias voltage- and 
)mperature- dependent properties so as to enhance the 
inction in practicability. 

OLUTION: A magnetic element is possessed of a 
irromagnetic tunnel junction 1 of layered structure 
omposed of ferromagnetic layer 2/tunnel barrier layer 
/ferromagnetic layer 4 or a ferromagnetic double tunnel 
inction of layered structure composed of ferromagnetic 
lyer/tunnel barrier layer/ ferromagnetic layer/tunnel barrier 
lyer/ferromagnetic layer, where it is utilized that a tunnel 
»sistance changes with a relative angle of magnetization 
dtween ferromagnetic layers. The magnetic element 
icreases positively in magnetoresistivity with an Increase in 

n bias voltage. Moreover, the magnetic element decreases less In magnetoresistivity with an 
icrease in temperature. Provided that the barrier height and barrier width of the tunnel barrier 
yer are represented by O [unit: eV] and S [unit: angstrom] respectively, the tunnel barrier 
yer is formed so as to satisfy a formula, 10<S/(O)1/2. 
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(54) BBMO*i»l «a3!H?i-en&fflv*&«a;>t*'J*J:Cfl8a-fe>U- 



(57) 

s/ (0) 1/2 a)fii3b<io^s/ (<t>) 1/2 ^iss-r 




(2) 



2000-106462 



> -V JU|$S0!>{i J: y * jKt > *> a- ;H»M * 1 0$fe 

^8^*:*fcl*#»»:A^ t> * c t * ^st t -r «)maas^. 
^l^SB^>:^^^KSga)atMl¥<7)SlL^®Rff<DJ?^A< i.o 
mn^m 4 ] 1 1 2jifl)5iai4)s t , suib 2ji 

-A] S/ (<l>) 1/2 (DffiA<10^S/ 

(o) 1/2 ^m&-ri>zt^n^ft^m^i^^o 

WES/ (O) 1/2 ©flIAMOSS/ (q>) 1/2 ^40*a 

s-r « c t -r^aasT. 

[W^JSe] »3K«4iBKa)asi3!iTic33t^T:. 
fiHIB 2Pa>^flli4®<0:^tf>ffiia/)<S^ftttSI<Di:^i: 

[Sfi^«7 ] 1 ^f=i^i«^]i4sett(Dtss(jis'p- 
T X * #-r -5 s^Ki4K3&< issiea * *vt t ^ -6 c t s 

i-r*«ft>^ 'Jo 

■9-0 
[0001] 

[0002] 



>*JUS35A<3iEJh.-5o C^rot^O) M/*-il/Sfitl4. 20 
S<*MIC(4. 2oa)^fflt14B<©fi5<bA<S¥ff©i:#l~h 
crowd's: h>*>;U«tt<DaE<bl::J:oT. t^t)»4>S 

[0003] Z*llZ^ < ^f=^fl]tl<&BAX«'?-|KI=^ 

««ta»!l« (GMR) &*-r««t LrS^J**LTL^ 

F e / C r AXlft^K (Phys. Rev. Lett. 61 . 2472 (1 98 
8)). Co/CuAX^'T-fiKJ.Mag. Mag. Mater. 94. LI 

(1991) } u i:<omm^mi&<ons.f^m ^B.^mftm-^ $ 

»*<*#L^f=«). fi&foaili*<*#<, *fct:^-T'J5/X 

[0 0 0 4] ia»»^*/h*<-r^SMt?, 5Sffll14®/ 

ttSi=Xgi/<-f'TX*a«LTa<b*BSL. ■te:*r<Dai 
attB ^ ^fipflsiftic J: y at^bsiE ^-e-^ctizj^or, 
2o<©®aita<Dffi<b:5isj(Dffl*j^is^^<b$ii-*flii4 

«BM. L^t>^^>-6xe>/^•J^3^)KA<BB«*4^Tl^S. L 

anl, xe>/<;i.:?Ki**aAxi#^iRicit'<r»fit« 
<b¥ (jsatsfiiJt) *<'h$<, sasi^-y KA^^y*^ 
/w: if i=5S« L fcBRic . J: y -mom\tmt S H * C t A< 

[0 0 0 5] ±aLfc3aattK>*ji'»^i=*iL^ 

■c * # ^fffiaetaifc e> -6 ;i t A^ajfiM *M- -3 

t>r. ^iatth>t'.;n«^i*«ffc!ttGMR*t«4t L-caa 

[ O 0 O 6 1 

[IBI8)b««*L*5frS»ffl] ±5£LfcJ:5l=. ^01 
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[0 0 0 7] ca>J:5<c*:^*ait-6fc«)(ci±. ^<DJ: 
■•5'&:^jfe*<%^t>*t€)o mile. »mStaH:A<fc*yM 

[0 0 0 8] S2IC, Jffi«Si*:®a>-0< S»S7K^>->^ 

-Cf6ilSi*:li*ai<-r€)Ci:A<#7ie)*v-SA<. ^a>«^i= 
[0 0 0 9] ±a5Lfc*3ic. h >:^;^»^lia 

[O O 1 O] :*:fg|qiica>J:9ti:KSl=jt!fAl-r-&t=«>i= 
6^ o ^ ^ /w: « ta $ t o f= tf) ( r ffl « M I - ^ tb ^ mil A< 

»e>*t4^aitt h>:f-;i'ft^(D/UTxmtti-?*-r'5{a 

a#t-r4c t^awtLrjsy. *e.ici4-ta)j:^«« 
« H oy=«St/ ^ 'J te J:0:ii»-b >-9-*ffi«-r « c t $ 

[0011] 

fiiB 2®<D^^a^4Jira^ry^«^^^fc'>«:< is 

aiail^F■l»^^t^x. TxtsttcDttjjDizjt^uriEajfla 
^ ^ t o r liito-r ««ta»iatks:&-r ■set s^a t l 

[0 0 12] ±i£L/t<B9l%?-». <l:ym{^a<ll=l«li|}R 



^2l=I5ttLfc<*:5lc. ^>:^;^Ka»l*«StatattA< 
tUTfcy. 3 icKKLfcck 5 1=, 

[0 0 13] :$:|6qS(9SS9l%7-l«. St^m^lzVSmLtz 

a}8i@M;ii'^^<;-&3£ttl£h>4^ju^^$«L. mis zm 
a>5ft«tttJiiB!i- h >:^;^«3a^ 3$-rasi«^i= tet>r, 

—A] tLtzt^. S/ (0) 1/2 <OlfiA<10^S/ 
(O) 1/2 *3SS-rSCi:$1#«i:Lri^*. 
[0 0 14] :*:f§M(Dat9iy^'Jl*. W^asidBKL 

tz^oiz. ±^Ltz:$^^f^<Dm%m^^^=e>)-ii)i'tL 

[0 0 15] *fl?8^Da[am^lc^;L^•cl*, h^^JUK 

J:y/^^FL^7K7'>•>vJ^»a*to^6«f*:^lt»i»£aw*:. -r 

Ano ca)<fc 9 h >*.;HSSe®<0J53F $1? < r c i: (c 
.ko-C. /WTXffiBE(Dliani=i*L-Cjaa»tattA<iEa) 
£ ^ o r iSAl-r ^Mitttt h >^;u»d L r l.^ 
S. c:(DJ;5'S5i«tth>^;um-&lc<t:*vlS. J£t^«Sffl 

[0 0 16] ;t:fiffia>ttsiss?i=£it-& h^^jvm&m 

I*, J:y^i*:Wlcl*h>^JU/^'JTS^F*<J> [*(4:e 
V]. h>i^)l'/^'J7m^S : hn-i»] 

tUfct*. S/ (*) 1/2 ©ffijftMOgS/ (O) 1/2 

«iatt$*y5tiiicigai$-t*€.ct*<-e#, $e.i-i*js 

[0 0 17] -TJEft)*.. S/ (0) 1/2 OfiiAMO^S/ 
(O) V2 $^£-r-5 hi/^^Ul^gSSfflt^-S^tlcJ: 
oT, 2B(0^fii1<tB(Z};^e>£Bib<£VlT«(ffi<0^# 

^(cJttL-CSIflMI-M'>L4-tv *»Mlzl*iliS-St» L 
<l*li»)-r'6^Mtth>^^l'«^i:'S:4. C<DJ:oJS:a 
tt1±h>:^Jum$l=J:4^l£. aS<0±»l=#5ttSl«IK 

tt<D33i'J^'&:KmizVfiU-ri> ztti<x^ho 

[0 0 18] ±a^Lfc<^:o^^s»tth>:^;nt^^wr 
iza y 2g^b-r « h >:^^u«^^l=s•:5 < ttss^ja^^^j 
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[0 0 19] 

[0020] m^ i*:*;S6^a)ja»3R^co-ilJSJ^S8a)ffli 

[002 1] ^aattt h 1 14, mi (DSSiaiiB 
2 i m 2 cosisaEii® 4 1 ©raic, $6ss(*'Ec t**^ e> s h 

>^)mmm 3 LT h >*;ua3!E*<35*tS«fe ? 
J«**irt^«. f:LX. mia)ai«ai4B2tm2<05S» 
tt®4i:(D««*sncifSfijfflLr, ^J^i4-:^a)^a 

(h>=^;ua3!E) l=*oT, (MR) 

[0 0 2 2] -ru*}*,. m^(J)^m^mztm2(D^m 

14^■4a)«<bA<^l:^|pl*l^)L^Tl^'6tt^8lwj3t^T. ^ 

Kit ^•>J^;^S•&1 (7) h>^^;^«tal^a'^i:^c-s. 
y;<o^m\tm<omit\t. —y5(o^m^m(Dmit^s.u^ 

■a-4n2|S»«lcJttLT|?K6<)l-BS**t-Cl>*J:olc-r 
tkli, h>*;u«t»t<Oit ( h>*;u«fei«<b*) 

[o o 2 3] mi te<fcu:m2<»5tat4®2, Acom^^ 

*t-6N i -Foft*. Btatt^j^-TF e, Co, N i tS 
J^XS^ixH-^ti't^. NiMnSb, PtMnSb© 

^<f^^-( Mn'<Q:^x*'f HS:ifa)K<btti^<©/N 

«-r*ctA<-e#ft. mi*jj:i;m2fl>a«ai4iB2, 4 
<D^i&, — ::^r(D«<b*ifii <»^^f$^<b$-fr 

[DO 2 4] -■^sci^m^m^s.mftmtm 

SL. C;h.&a>3e&«SdlcJ:y^ifitfJi<^«1b£@£r 

tth>4«.ju«^i<D-«ifi£ffii**-riaT?&*« H2(ctj 
l^-c, ^->:^J^w®f■3S^^LrEa^F*tfcS1 



m2<©3iMi4®2, 4a>o*>. m2«)^ai4S4±ici* 

S?S«14M9A<«S$*vrL^-i>, m20>Si«14H4lcli 
<•< T 7. IC <}: y m 2 OStOEtt® 4 (D«ib6<@S $ tt 

rt>«)o R®aii4S9i:SLfc^flaiiS4ii, mxit^ 
a)T-et«a<bs^^iait-r*ct*<-e#. se«ufc«^ 

[0 0 2 5] Ca)Eg<DJS5SattM9JCl4, FeMn, I 
rMn, PtMn, N i MntSifOBL^Wi^-kit^N t 
O. Fe2 03 3tCi:<DS3il»tt*fii4, $e.|C(iCo/R 
u/Co, Co/ I r/Co<Ci:a)S5iK14SES4@^M 

[0 0 2 6] ;*:56iBa)iaSRSI^I4, m 1 OJ^ffittB/ h 

ti-a h >^;u^^(cisp>-r, m i (D3S«i4B/m i o 

h >^}mMmym 2 <Da«it®/m 2 © h 

®/m 3 (©!S{ai4Ba)aB«iii^ «-r «5fi«ttt-fi> > 

[0027] 03 h v^^uJ^^roftt^WS 

It* 1 o i4» m 1 <Da«ttH 1 1 /m 1 (D h >*;u»a 
B 1 2 /m 2 <D3a«i4B 1 3 /m 2 <o h >4'--'ukmb 1 
4/m3a)^«attBi 5(D«Bis**LT*>y, aiz 

m 1 (O^ffiliB 1 1 fe<t l/:m 3 (OSfittUB 1 5 l4-¥-4i-r 
♦iSaHSitKl 6, 1 7^:»B**^.TL^«. mii3j:t; 
m 3 05Sfflai4B 11,15 lrl4-5-*L€^S^l»ttS 1 

6, 1 7*^^>3E»/WT;^*<f^#**l■c^3y, cti&o) 
3E«/WTxi=<t:ymi 33*t;m3a>3sattBi 1 . 1 

[0 0 2 8] ^fc, ^?11±-mh>=^>l'»*1 Olzfct^ 
Tl*, (frai~<iS-r-65t«14B (H3-CI4m2<oafflttt 

Bi 3) tur. mmftw-mnw&^m^mi^i>:it 
tv^i>o ig4i*w<7)*^jjf^aii4^af->^;H«*a> 

liseiattM 1 6 /m 1 (D^attB 1 1 /m 1 <7> h 
)mmm 1 2/«att(4:-Ra<*ji*B 1 8/«2<o h 
>4^;uweBi 4/m3a)5£att»i s/s^atttKi 

7(D«B«Jg^^UTLxi>o 

:^^^g*1 OlZ^^Xt. B13lCgiLfc^»1i-fih> 

[0 0 2 9] 'Ste, ±^eLfc«'«^o)^^att^->=^^n$= 

(-«t.L<l*^S) OTtfeBt LTI*, "S-aoW^^* 
ffiffl-r€>wt*<t»#€.i6<, Ta, Ti, Pt, Ti/P 
t, Ti/Pd, Ta/Pt. Ta/Pd, Al 
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2 03 , 7^;u:7TX-&3&/d:ifi&Ttfe®t urfflt^-Sc 

[0 0 3 0] hly^Jl'mMmSs 12. 141*, 5^^3814 

»S®3. 12, 1 4(=;J:yff5R£$*l«.7KT->i^V>KS 

Jt A<SyJvM ^ t * tKt" > V ;U»M<Oflt J: y 'J^ H^J^t- 

[003 1] COOcfcOlC, *f6i8l-^^L^rl* 
M®3, 12. 1 4lw7KT->>>-v;UP»MtD«L^«i|^*<® 

h>^;bPag®3, 1 2. 1 4(0«fil««44: 

[0 0 3 2] ^ft:fi«|«:h>4^;U{$aB3v 12, 140 

mm^m^iit. A 1 2 03 , A I Ox , s i 02 , Si 

Ox, AIN, NiO, CoO, MgO, Hf02 ^Ct* 
-V^. FeSi, GeSb, PbS 

aE<b-r«. «?t.tf, A iis*mb*#-c»j«Lf=A 12 

03 (A I Ox ) A I sicomit<Dm&izji'3 

to, h:^:Njup*SH3, 12, 1 4t L-ca»«:«l«l3&^ 
19 6*1-6 J: 5 t**1Mffli-r -6 C 1 36<ff * L 

[00 3 3] h >:1<.>HSMB 3 , 12, 1 4l*^j£-r'5 

<b-r«J:3'SHt***-r«Ci:**ffi5-efcy, 

l*fi4,»(,^g6»lca3S*<3i^*v■^■rt^:: <!: *#jt-r*i.tf , 
j:yas-r«*ac, a:*«-¥-¥Si=*y»6*L«ii«*^ 

S®(Z>±{*:M>S:lftSlglJ9i: LTI* 1. 2nintel-tfr6Ci: 

(0034] h>4<-jui»siia>j*$3ei«fe$yp|i>^, % 
r«iSA»»ti:a}SI1b$«y»-r«c&]b<-r>#/<£i^. 



COI?* lilOmnJaT t f -5 ^ i: L L^. 
[0 0 3 5] ±aLfcJ:5'5:h>^;UWMB3. 12. 
1 4$*-r€)^?«14h:^^;i'S^i . 1 01*. /nVTT. 
maa>lgftll=« L-CiECDM^ $ =t o r igiwr *fiS»«ta 
tt*^LTl^*. CODillCOt^r, Fe/A l2 O3 / 

m^^imLxmmr^o 

[0 0 3 6] Cw-efflL^'57HT->V'A';H®Sl*x*|pll= 
T, 0<x<xO (-*!tL-CU (x, y. z)=Uo-e 

0 i*i»«i<*®«)J?*, uo ii7KT>'>-v>u»aa>W*. 

^Jl'^—i 2.2eV, TlSl#Xe><D7x;USX45.;i/4f— 
$ 0.3eV, S6oT3Ea»Stt 1.9eVlci: •DTL^^). 

[0037] *-r, «a«ttJ±a)7KT>v^r-'uf*s<»s 

a^tKt^ >i'-\';u»s<z)» $ I- * y SEias o (fcgE^b-r s 
[0 0 3 8] •r'Ec*?*>. h>:^;^«^iita)xtfi/^l«i* 

$<3&:y, ii^\zi&<tjii>t^tm^L. i&tetmit^ 

*^i-Snatt<*<i>«8<ba>ffij!4^|gi=tS#L'&L^a)Tf, {fiiSi 

yS/Ml^ i: .SBMS*<OMl*S'EC'S*<, «9AI4 
1.0~ 5.0nin(D©fflt?l*«te 0.3- 0. TeVttjfilzfi/hffl 

[0 0 3 9] nSS$3b<±1BL^=a/h«IJ:y/h$ 
A< 2.0nni(Z)18^lcl*. TX®ff6<«t| 0.3eVaS*T? 

it A<jEa>«# ^tr>xmm-ri>zt a<»a^ * . 

[0 0 4 0] Cfl>ttH«*l*lT05S*l=**t#^e>tl 




#a>a35-stt^tto!>w-se*SH7irjsr. cc-ci* 

[004 1] *y=, 08ici4^«tt ^->*;^«$lc^^t^ 
»isa>SAR (=Rap-Rp ) Sn^Lfc. zomt^^. 

Rp *><feUfRapl*^-ti-f'*v|^IUei4$*LTLN-&Ci:*< 

c*ut.©»fita>SARi*, gtafflSf*© 
tSfivRp i: h>4.;i'«taRapi:«>tt-l?Se*^t4j«SllS 

[0 0 4 21 ca>J:5^i:«aig^JtO)!^1±l*. $feJi«:)B 
tb^ii<, Z<Dl&»i*im<0&^i!i< 1.0nma>i8dl=l^. 

[0 0 4 3] H7lc^Lf=J:5l=. I6««:BA<+5J-Icai 

[ O O 4 4 ] -yj. h >*;m^l*$6Si»:B<7>if 

JS * IC(5 if A/ if^e * *vric* ^ <f S35 A^SS^t -S J: 5 IC 

mzmmL. Li>^i,za>mmmt:K^t£mttjih. zo 

[0 0 4 5] *:feB^-ei*, ±i£Lfc/WTXmffi:$fe» 

miztiLxSLm<£mis.t&sntimi>ztA<v^. ca>^ 



1± <»: t;Slffi1t $S«> S C ^ plffi ^ « . 
[0 0 4 6] titi^ :$imfl^ta)ttm<DtzMz^ Bt9l«Si 
it A<fk/hM* <t > •> V ;KSSa)ffl J: y SLN©S^ 

9{=^-r. @9l^l|£i@i»B(7}i9$$ 2.0nin^,):i; I.Onm 
[0 0 4 7] H9ICl4/<;f TX®E*<HfaAx60.6V<De 

(*;KT">vA';uBMa)S$J:y'h*i.v «£ot, h>:^ 
^iKitX'^i>tmmizm<i^-ri>Ztiztj:^, ;K7^>'>v 

mtm^iz^anLtsii^. 

[0 0 4 8] h>^;KE>MB3. 
12. 1 4lc;K7^>'>A'JK©MA<^et^i»^»:-¥>¥»»$ 
A^-^^->;^;^KMH3, i 2, i4(DJ5$*J:y 

^ y m^izjtm Ltzmz^-^iik=F(Di&^mt>miEtj:mt 
u^ztim^izri>o mtz. h:y^-^)mmm3. i 

2. 1 4*<J5<•c<k^^fc4^). ^Jt:^n-bx(-fcurt.}^ 

[O o 4 9] *«IS«)mSl^^-lc33ltS h>4^^K»M» 

3. 12. 1 4(»*<*M^fSfe#<!: LTI*. h>;i«.;UBa 
BCD h^^^^U/^yTS*** [mii:eV]. h>4^^K»a 

SiDffl (hv^^u/^yrW) *s wii : hP 

-A] tLfct^. I^SSfiS/ (O) 1/2 AtlO^S/ 

(0)) 1/2 s^s-r-sct-ei&s. c<Dj:5nf*<*«jS 

£*i*fch>*;H»aB3, 12. ^ A^mi^i>z.tiz 
^r>X. /UT7t.mZ(f>mMzfetLXiEa>mii^t'oX 

o s J: y «tsiicssa-r ^ c t A^-c ^ 5. o 

[0 0 5 0] ±ISLf=lfe#*35S-r* 
»SB3. 1 2. 1 4$fflUSCi:lcJ:y. SSfl>±S^ 

^{814 i o^iia-rsc:tA<-e#*o 

f'St?*. h>*;U/«yTiiasA< 1.0~ S.Onm (10~50 
:i->yxhP— A) T?. /^yTSE$A< 0.3~ I.OeVCDi: 
S/ (IP) 1/2 (DfitlilO^S/ (0) 1/2 ^91 [7t 

i/yy?.hp-A/ (ev) 1/2 ] a)«sHi-«iC-r§. S 
/ (o) 1/2 omifizoii'ytst&mpiizibHii. msLit 
tKmt^t^f^&<D±mtmiz^iifri>ztim<:zti>^ 

6. ^hm&o>m&immriztimis.Lx. s/ 

(0) 1/2 ©ffllilO^S/ «t» 1/2 ^40 l^trXfT^h 
Q-A/ (oV) 1/2 ] fl!)eB-Cfe«CtA<<fcy»*L 
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[005 1] tits. S/ (<P) 1/2 a)fitA<Ji8BLfclEffl 

0.3~ 1.0eVO)tefflnt?&-3Tt<fe< . mKHf<*)7m 
-S$If <-r*tl*/\*'JTgi*A< 1.0eV^ffi^trt±jEL.f= 

■C, S/ (CP) 1/2 a)<gA<±KLfcieHf^l=#fiE-r*C 

[0 0 5 2] ai«li4^>:^;^«^<Ds/ (a>) 1/2 ©fii 
#a>a>4<'^^>XGp a>SAG (=Gp -gap) 

«tt#tt*a!is-r « c t t?ssfz*j?tt- * c t T?**. 

ES1 1 liAGa>aiStt#ti^n^UTl^-&. B1 lA^^lfl 
^>A^^pJ:olC, S/ (CD) 1/2 (D(tA<10KA±T?&* t A 

Gi*jas<©±#j=j^L-cai-st L < liiiiin-r^cDicj* 
s/ (0) 1/2 (©ttAMo*at-efc«tAGi4ias«) 

[0 0 5 3] h>:^;^H^^l::oL^Tt., m» 

ic A Q <DSfiflt#tt$aas-r -5 c t -e^ij^-r 4 c t 

^fflL^TS. OSsJtiC), -etl€><Ofil$fflL^rS/ (CP) 

1/2 m»ri>ztiz^z>x=b, «asi«fitit(Dias»# 
ttts/ (CP) 1/2 o)mm^m^-thztt<v^io s 
/ (0) 1/2 (ommimmri>m-^s ^-^^(D-js^^m 

[0054] ::o!)J:^jr, feisas/ (0) 1/2 a<io^ 
S/ (0) 1/2 a>mm. 1#I=10^S/ (0) 1/2 ^40© 

[00 5 5] ±2llLfcJ:o<f*56W<©5a«atth>4^;i.» 

m (siBtt:®) (Djgfie^afet uTi*, 0«x.tfA 1 , s 



[00 5 6] J:i^L/=|g£&)f$SS(OilSljR?l$. fii9l»ta 

[0 0 5 7] ;*:«e3cD««3R^i&fflLNfciaai«tioaa^ 

xmm-r&o m^nt. ia2ic^Lfc«jg-c?i*, rn^on 
fdzoi^m^m-i 3$. @4ic^Lf=fli]S-ci^^{siii«: 

S^SttJS^-rS. Cti&S{BjBa>« 

ityjf^^mTHtm^mmzaticxmttsitito -e-lt. 
ccDBfo^jait h >4^;n*& 1,10 oi&iK^m^-ri 

[0 0 5 8] *i6wa>«ai!i^£aa>*'ji=® 

ii<r^Zt^mSR-tht lOOOe JaTTJao-SCtA^W 

^Lt'. -E^ur. jRmmtLX0>^m^m<omiti&H 
^it. ■te^<7>^^»14Jic7>^«^bi:¥^Ta&ftt^l45Jp^Tl=^^ 
jELr "1" , -o" ^ji^-r^. 

[0 0 5 9] I?±i4, ^{itiEh>^)U)td<DmGE$ii]t 
UJg-r^l-tf, «»«la«l«<Dfc«>l= "1" "O" 

ffilt»'>'<o '1" *fci4 "o" cDffi^i*. ■Mx 

iti&m.mt Lx<D^mi^miziimii±x'j- k^ssi 

1£Bo:>{B^bl4'e<D:tS>t4a<)l=;^$>'ci:»il:b. t> L < itR^ 
ffittffilc J; ^.Sfil/W TXI=S-3t^r lRl# SIE its C t 

[0 0 6 0] mSiJ^^'J (MR AM) (OmttifJUI&^t 
LTI4. «!l^liHl 2j3<*:i;Hl SlCg^-T* 5 1=. CM 
OS h7>vX^ 2 1 ±l=:*:«iJ8<08tft«-¥-, r^j:*?^ 
^filtt h>:^;U]$^3iS'r-2 2$f^fiLf=«i&A<^lf i&tt 
4, C*ie)C7)HlC*SL^r. 2 3, 2 4I4':7— K^'O, 
2 5l4e-y h7'f >T?fe-6. 01 4fcJ:t;Bl 5 

|z*-r*5lc. Sil8tth>*)l.tt^«^2 2<7)T»*^: 

I4±wlc^<'-i'3^— K2 6*»itt*-t*rEaL, c*i,e»$ 

[006 1] 



(8) 
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[0062] mmm ^ 

to 0 6 3) Ca)»filtth>*;Uffl^l*, iSlTOJiOlZ 
Sffi±IC-f :J->t*— AX/<-vaiJ£^ffll.^T 100nma>Jl$ 

vK^bic J: y A I Ox immrho 
[0 0 6 4] z<Dt^. mitmmit^mm^t-cit mn 

ctA<»^Ltv c;fx(*, 5i»m<o^<kicj:y»MSS* 
A<®<^j:yr#SCt^l»^, $t)(CA I Igt^TJCfe-S 

T F ee$^«©J5$100ninl=figffi-r.5o 
(0 0 6 5] CC-C, S6i!Sf*«<DJl$A< 2.0nmr% »^ 
4x 4iuni 2 ©^flltt h >:fr;uS^0^14^ia/< 

[0O6 6] -tC-e, 7KT>i^V^UBg* o.aevtufc 
ffi^lC«L, /WTXfliEtt#tt*l¥iffi-r-6t, 0.1V<D 

/WTxaffizjk* LT«ta«stittttt7%-cfey , o. 7vic 
f) 0.75V-CI* 20%fci±a){a[m«tattA<fcy. i.ov-et« 

[0 0 6 7] 3|]i{E«(l2 
SIJSfi«2-^tt. ®l0^aE1±B2. 4i:U-CFo, h> 
4«.;U»M®3 t UTS i Ox *fflt^f=li^O)?afiltth> 

[0 0 6 8] ii^7.&mjilZ'iTt>\f—M.^iZjiy} 100 
miKDIlSfl!)^! £DF eB^JB^-rS, SlL^T, S i 02 
^—*f-j K^fflL^r, S i 02 2.0rHn<7>15$l=;figfi 
-r«. m2a}Fe|i$ 100nina>]f[$l=f^«-r 

So C4xe>a>^n-bxi4. «lfC10-6TorreSa>affi^ 

[0 0 6 9] Ca)S^|C*5lt«»a3tt-SE1^tt)5^e.7t«7^ 
>i/-\';w(E$S<OS$»(!i| 0.1eV-e&dC^A<«IS$tt 
«. «a»ftJtCD/\-'fTXmtt«i#lStSSffli-r4i:. 0. 
1VO/ W TX 181$ 91*0 Lfct^ 26%-efey, /^-fTX 
Sff 0.27V^-e«l»fttattl41tXU. S>:fit 34%^ 
^ftlc, 0.8V$T? 10%Jsl±<Dfit*i:*. 



I* 30%)il±(D:*:#^c^»S^»6^]tA<^#'^>*^, $fc0.8V^-e 

[0 0 7 0] S^t&«l|3 
llliS^3t?li. S i /S i 02 St54.L<l4S i 02 S 
«±IC. X/^v^^8e$fflt^TH2IC*Ufc«jt. -TtC 
;h*>T aTil6»/N i F e/C o F e/A I 2O3 /C 
oFe/I r Mn/T aeSliB(D8ia»j&$«r$!itt 

[007 1] ^r, tOMIISS 2x10-7TorrlZfcLxr. 

ii«a) 7 * h y V 5 :? -f a« t -f ^ > 5 y 

filLfr. -f-flXe, fgtUKJf 14 T a 5nm /N i FolSnm/ 
C o F e5nm /A I 2 O3 1. Snm /C o F e4nm / 1 r 
22Mn78l4niii/T aSnm t Lfc. 

[0 0 7 2] A I 2 03 A^&*t4 h>*JKSMSI*, * 
■TisfiA r^X^aSAL. A 12 035»— y<y h^fflt^T 
A^cfi-C^ifittS (N i F a15nm/Co F e5nm)±l=A 

I Ox la^afll^KL. ^<D^-S&^^i>:Ltts.<mk 

tKZ^nX^ K^^CRg<7)^Ct^»L^ h>Jr-;U/<y TIISA 

I Ox sii±i=f^siu/=. mc^fSim^tsm-i^-^'&Ti.^ 

Ci:lcJ:-3T, S/ (<D) 1/2 j!(<MjS:«t\< -3*^<Z) h> 

*^u/<y7S$f^iiiLfco 

[0 0 7 3] J3?IC, K*$S^aiUfc(ftlC±SPa)Co F© 
4nin SftaSLs $iblci r22Mn78l4nini>J:l/T aSnm 
$«A r *fx>*>-cx/«^*fiaBlLfc. ::*t&BKK^(DA 

r^^EI* 1 xlO-STorrt Lfr., CCDS. ii^a)7;J-hy 

v^^774'a{tfi:<<;j->sy ><fa^l^$fflL^T. cof 

e4nin / I r 22M n78l4nin/T a Snm (D±.I-Hc'b'=J"S$ 
mS-T'&fctoOUiJX h/^^i-l/^^^L. ±fflO!>Co 
Fe^T-f^f^S y ^yUfco c:0)L/i?X h^JSLfr* 
% 300nmJla)S i 02 SA^&'Jf -SflHStei^ffi^X/^-y^i 
LfcS, Ui?X h^y 7 h;*-7Lfc. ±apE«i 
*J^*-rSfc«)<DU5?Xh/<5i->*»«L, »|s(Si3 
$JEX/<v^ L-C-J? y— =>yLf=ai> AimfiiiBfa<£ 

j&BtLfc. -tros, vm^i^mmmz^xx^x. m.\t^ 
[o o 7 4] ctt&K»o>{iisi%^iE^b^a)iafttt#f± 

^aflSLfc, -e-<7)®«SHl 6IC^Lfc. HI 6I4S/ 
((P) 1/2 3!i<34 [:i->yx ho-A/(eV)1/2 ] OiW^ 
t 8 [;J-><rx ha-A/(eV)1/2 ] a>K«<Dafi«» 
tt^^LTl^*, S/ (<P) 1/2 A<34<DK<EH4. S/ 

(O) 1/2 A< 8<7)ii<EHrit'<r{am»fit2E<b^<Oj&gtt 
#ttA</J^$ < . m^&i±lzisi^xtm%timoSSi'Pi><'l^ 
* < . *^«:«ft«StlE<b*A<f# €>Jh.« C t 

[0 0 7 5] *fc, ±ieuf=M«jiicfcL^r 

y 7K<0K<kRra *J <fc tXtt * $» f=SE xfc^fiBttt h > 
^;l'»^(D280Ki:380Kr'<DfiKa«taSE<b^a)it (MR (3 
80K) /MR (28010) (DSy (<P) 1/2 0(#tt(DiSS«« 
$B1 7|c35-r. S/ (O) 1/2 *<10Jsl±-efe*A:# 



(9) 
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L^fc«^lCWS!)•efe«Ci:*<«•36^'6. S/ (*) 1/2 
40 hD— A/(eV)1/2 ] 0. SVO) 

(iaaSBtS^^^SSLfcli^lClilO^S/ (<P) 1/2 
^40 ho— A/(eV)1/2 ] (DffifflflDaett h 

[0076] ^cfc\ h>^)\.^<>j7mtLx<Dmmwm 
ICS i 02 . A I Msoimi^tzm-^iz'hmtstom 

[0 0 7 7] mmm^^ 

IIJS«lj4Tfli. S i /S i 02 Sffit.L<liS i 02 S 

♦?%TaTiftH/Fe-Mn/N i Fo/Co Fe/A 

12 03 /Co Fe/A 12 03 /CoFe/N i Fe 
/Fe-Mn/Ta «aS0DWS«Ji$W-r-6SU»1±- 

[0 0 7 8] «DfflSSS 2x10-7Torrlwfca^T, 

ffll^T. ±ISfll@M$ 1nini|e<0T«iSiB$gj&«(lcfil£ML 
f=o -f-CDBg, KJ?(4T aSnm /F e-Mn18nro/N i F 
e4nni /Co Fe2nin / A I 203 I.Snm /Co Fe3.5 
nm /A 12 03 2. Snm /C o F e2nm /N i F e4niii/ 
F e — MnlSnm/T aSnni t Lfco 
[0 0 7 9] A I 2 03 /N*'Jr®{4. IIJ(S«I3 tl^»IC 

*or, s/ (<p) 1/2 ji<«3asi><oA>(D5aaii4— a 

[oo8o]5>sic, fflJita)^* h'j v^r^7^^^^l}^:-f 
*i/5 'j>'5/'fiEfB*fflL^T, CoFe2nin/N i F o4n 

m / F e-MnlSnm/T aSnin a>±lzS^-!tai-MSt" 
^fctotOUi;^ h/^^i — >$»figL, ±»a)CoFeS 

00nin®(7)A I 2 03 KA>&3S-6®ra«6igiffi^m^e— A 

[0081] ztih>^un<f)msi^tKmitm<r>^m9Ln 

tt*i9«Lfc. 9>IS«%$B1 Bic^-r. S/ (0) 
1/2 6<25 [:t>^X KD— A/(eV)1/2 I (DRUlt. S 
/ (0) 1/2 i,i 9 C;*->^:j?> ha-A/(eV)1/2 ] <DU 

j3i±i=i5i^Ttia««tta<b«®a'>A</h* < , 

[0 0 8 2] ±ELy=K«Jiic*jt%-c 
•jTii<D»<b^rafc j:o:tiiA*«^i-aEiifc^iai± h > 
^ius^oasoK^asoK-eiOM RSib^a>ti: (m r (380K} 



/MR(280K)) (OS/ (O) 1/2 «c#14(DaiIS®m^ H 
1 9lc^-r. S/ (0)) 1/2A<iOJel±coiiBI=:fe€.t# 
I*. MR3E<b^«>aS±»lcfi'3«'>*<'>'S:<, ««» 

i^fciS&icWJa-e&sctA^^JA^^. S/ «l>) 1/2 5i»< 
40 t;t-i/y7. hP— a»/(eV)1/2 ] ^ffiilS tO. 5V<D® 
E*H3»PLfct#lc«^1#ttA<|f 60< CtA^e,. fiHit 
«ffigffi1SJR^$fiSLfc«^lzlilO^S/ (0) 1/2 
^40 hP-A/(eV)1/2 ] a5i6H<D5i»tt h 

[0083]JS:fc\ h^fN^b/^'JTBi: Lrfl)Ra**:B 
(CS i 02 . A I MgO$fflL^fc«^|CtH«<©« 

[0 0 8 4] 

^tSAs-ci^, s i /s i 02 S«[t>L<as i 02 S 
«±ir. X/<-y^3SS$ffltNrE3lc5tLy=«|j&. fEc 
*>t.T aTift®/F e-Mn/N I Fe/CoFe/A 
I 2 03 /C o F e - A I 2 O3 S^g/A I 2 O3 / 
CoFe/N I Fe/Fe-Mn/TaJBO>WIBfllJg* 

[0 0 8 5] ^-r, DD^SSS 2x10-7Torrlcj3L^T. 
/^i;U-7X^7$fflt^r ImiJitSCDTfiPEiajettlCJiELfc 
«BS$^lSL/=. ^aiWSi> M9I^Ta5nin /Fe-M 
n 16nm/N I F e Snm /C o F e Snm /A I 2 O3 1. 7n 
m /Co Fe-A I 2 O3 S^S3.5nin /A I 2 O3 2. 
3nin /C o F a3nin /N I F aSnm /F a — M nlSnm/ 
T a Snm t Ltz, 

[0 0 8 6] A I 2 03 /^'JTSI*. S«A r 

A I ^J-y-y ^•^fflL^r A I JS£Rffi«-e^L, 
■{■a>8fcXS$at« C ^ ^j: < iSjR$«A L-Cfil«it:)ia>ift 

a>llSa>K<b^M-'f>UiAi^lEiL'&cti-J:oT. s/ 
(0) 1/2 !&<s^E«^KoJ&^fl^e^iKtt-«h>:^.;^»^ 

[oo87]a>:ic. ji«0!>7«- h'j v^r^t^-f awt-f 

;i->5 'J >^^8itgSfflt^r. C o F eSnm /N i F eSn 
m / F e-Mnl6nni/T aSnm (Z>±lcSd^^|Z^Sf 
«fc«)<DUe;x h/<^— >*»fiKU, ±»G)CoFe|g 
*-C'f:*->5'J>yLfc. CcDU-vX h$Sty=** 3 
OOnmJSCDA I 2 O3 SA^'=>'S:S®ia$6SM^«^e-i* 

{Hb@SBlc-:^|Rja:^r14^a»ALfc. 
[0088] C H €> «B»a>«S[«taS1b9<7>a5tt# 
tt^ifflSLfc. Si|S®**H2 Olc^-To S/ (0) 
1/2 dM5 [;i->yx hP-A/(eV)1/2 ] <DK«I4, S 
/ (0) 1/2 *< 9.8 hP— A/(eV)1/2 ] 0) 

B4B^I=it^T{BA««iX1b¥(DSS«K#1£]b</h$<. S 



(10) 
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[0 0 8 9] *fc. ±IELfclH«aglrtJl^-C h>*JU/^ 

■*;U«-&«)280Ki:380K-e<DMRS1b*<DJ± (MR (380K) 
/MR(280K)) OS/ (O) 1/2 tS^ltroaiS^S^E 

2i(cs^-r. s/ «p) i/2*<ioja±a)Ssfflicfe«t$ 

I*. MR^<b^a)ag±#lc#^igE'>A<'>3S:< . ffiSlS 

L^fcia^lc:&3a-Cifc«>Ci:*tii-AN^. S/ (O) 1/2 A< 
40 hD-A/(eV)1/2 ] ^iS;l«t0.5Va>m 

ff^g«)nLfci:^lc|!l^^#itA<libO< ctANC>, ■Mil 
lf«aaiB«JR^^SSLfc«^(c(i10^S/ (O) 1/2 
^40 ha— A/(eV)l/2 ] ©©HO^ffitth 

[0 0 9 0] j{ffc, h>*;u/<'jT®i: Lra)Sim(*S 

ICS i 02 , A I N, MgO*fflL^fcJi^lC^,P»a>^la 

[00 9 1] ^mme 



7./iy^mm^mi^x. mmits i sej: 1=20x20 /im 

*S*J<kl/ftaS»Cl4. Ta, Ti, Pt. Ti/P 
t, Ti/Pd. Ta/Pt. Ta/Pd. AI2O3 

m9i3~ 5 tmmtLfzo 

[0 0 9 2] h>*;u/\''j7'IS^JefiE-r"5BR0)K<bKiyj 
^ai**^x.€.cii:lrj:^r. S/ (O) 1/2 AWd:«> 

m<D2mt3m-^<OM R^itmoat (M R (380K) /M R 

(280K)) ^a9SLt=o c^tfeoi^s^ai icw-e-T* 
•r, s/ (<p) 1/2 A<ioja±roa!Hic«»'5i^i4. mr 

[0 0 9 3] 

[ai] 







^ £6 ^ 


It ^ m 


No 






UK (38010 
/lfR(280K) 


S/(«) 


HK (380K) 
/UR (28010 


1 


Ir22Mo78 (l4)/Co9Fe (2)/Si02 il 8) /Co7Fe3 (2. 4) 
/Si02 (1. 9)/Co9Fe<3)/Ir22Mii{14) 


18. B 


a 96 


8.5 


0.77 


2 


FeMa (17) /Co7Fe2Ni (8) /AIN (I. 9) /Co7Fe3 (2. 4) /AIN (2. 1) 
/Co7Fe2Nl(3)/FeMn(l9> 


14.5 


0. 93 


7.8 


0, 73 


3 


PtMn (!6) /Ni8Fe2 (3) /Co9Fe (2) /A1203 (1. 4) /Co7Fe3 (2> 
/A1203 (I. 9) /CoSFe (!) /M8Fe2 (2) /PtMn (20) 


12 


0.91 


9.5 


0. 72 


4 


Ir22Ma78 (12) /CU)4Fe6 (3) /MgO {1. 9) /CoFe (1) /Ni8Fe2 (1) 
/CoPe (1) /MkO (2. 3) /Co4Fe6 (3) /Ir221fai78 (12) 


29.3 


a 96 


8.8 


a 69 


5 


Ni8Fe2 (10) /Co9Fe <2) /Si02 (1. 7)/Co9Fc 0) /PlMa (20) 


23.5 


a 95 


9.3 


a 79 


6 


FeUa ( 1 5) /N i 5Co3Pe2 (4) /AIK (2) /CoFe (9) 


35 


0.98 


8.4 


0.68 


7 


NiBIn (19) /CoFe (8) /A 1203 (2) /Co4Fb6 (12) 


13.5 


0. 90 


7.9 


a 75 


8 


Ni83Fel7 (15) /AIK «. 5) /CoFe (2. 5) /Ir2 1. 5ttn78, 5 (15) 


19 


0. 92 


9.9 


0.73 


9 


Co85Ni 15 (10) /IteO (2)/Co7Fe2Ni (4) /KlKn (20) 


39 


0. 97 


8.7 


0.74 


10 


PtMn (17) /Co9Fe (8) /AIN (2) /Fe55Co45-AlNMi (5/0. 2) 
/AIN (2. 6) /CoSFeKi (3) /Ptlfa (19) 


22 


0. 98 


8.4 


a 69 


11 


Ir22Jt!ii78 (15) /Co7Fe2Ni (3) /A1203 (1. 6) /Fe65Co35-A10xa^i (8/0. 2) 
/A1203 (1. 9) /Co7Fe2Ni (5) /Ir22Mn78 (20) 


11 


0. 89 


7.6 


0.68 


12 


NIBlD (19) /CoFe (3) /Si02 (1. 8) /Co-SiOxifri (4/0. 5) 
/Si02 (2. 4) /CoFe (5) /NiMn (20) 


19 


0. 94 


9.3 


0.77 


13 


Ir22Mii78(15)/CoFeKi (2)/HgO(L 6) /Fe7Co2NI-Hg02l§i (5/0. 5) 
/MgO (L 7) /CoFeNl (3) /Ir22lln78 (17) 


38 


0. 95 


9.8 


0.72 


14 


FeBto (17) /Co7Fe2Ki (2) /AI203 (L 6) /Fe65Co35-Al0xfi&l (3/a 2) 
/AI2G3 (2. U /Co7Fe2Ni (3) /FeMn (19J 


27 


a 91 


8.7 


QL73 



[0 0 9 4] 

mmnwimutsim 

m 1 ] :^nm<Dm9im^a>-mt&^B<Dismm&i 



[Bi 6 ] Mitttt h da>Bi9i«£tti:a>/ W 7x 
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[09] ^°7^>vv;HSSSA< 3.0eVa>«^a)!£«tt h 

[BIO] ^{Stt h v^^i^ft^osss-mffi^it^a!! 
[H11] 5iiatth>:j«.;um^<7)i§i{y^ofc5S«i4ii 

[H 1 2 ] ^leB^cofflimjR^* fflt^fcffia ^ 'J a>- 
[B 1 5 ] B 1 4 i=^-rfiisi ^ g o!}^is«ii ^^-r B 



[016] ^f6esa)S?ss«S3fcfcit4satth>*^w 
[B 1 7 ] 4:ieffia}Sgts«y s i=feit -s^iStt h >:^Ju 

MR (38010 /MR(280K)tt<Z)S/ (O) 1/2 «# 

[019] *3§B^(D3iJ(iCy 4 teit^^ffitt h 

S^a>MR(380K)/MR(280K)ik<»S/ {<!>) t/2 
tt^^-TBT-fe-S, 

[B2 0] :«:%IHa)Slffii«iJ5l=jsit«Si{ai«th>:^j|. 
^^(Dffifl«ta3E<b*a);Sfi«c#14$*-rB-ca&-S. 

[02 1] ^:fslSfl)l?^s«!l5(ctJlts^^K14h>:^;^ 

S^(DMR(380K)/MR(280K)tfca)S/ (O) 1/2 flc# 

l±*5i-rB-e*s» 
[»#«)Si?a] 

1 h 

2,4.11.13.1 5 ^fittiS 

3.12.1 4 ^>>:^;^»eB 

9 . 16. 17 

1 o ^{aii^sh^^^i'ffi^ 

1 3 

2 2 ^{Btt h 



1] 



[02] 




[B3] 



[B4] 
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OJ2 0.4 
Bias voltage (V) 




im-i 0] 

[B1 3] 




v<v> 
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[011] 



[@1 2] 
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